The commercially important neoplastic diseases of poultry are Marek's disease, which is caused by a herpesvirus, and the avian leukoses and reticuloendotheliosis, which are caused by retroviruses. These diseases are responsible for economic loss due to both mortality and depressed performance. Marek's disease virus (MDV) and avian leukosis viruses (ALVs) are prevalent throughout the world, and new strains which arise in particular locations may spread across borders, thereby undermining national disease control measures. Reticuloendotheliosis virus (REV) is also present in many countries. Marek's disease virus is transmitted horizontally only, and international spread in hatching eggs and day-old chicks can be prevented by appropriate hygiene precautions. Transmission of ALV and REV occurs both horizontally and vertically (through the egg), and measures to prevent international spread are more demanding. Marek's disease is controlled by vaccination, whilst avian leukosis is controlled by virus eradication programmes, mainly at the primary breeding level. Similar virus control measures can be applied for reticuloendotheliosis if necessary. No strong evidence exists to suggest that these avian tumour viruses constitute a danger to public health.
Introduction
Neoplastic diseases of poultry fall into two broad classes, namely: those with an infectious aetiology and those which are non-infectious. Those of the former category are of the greater economic importance because the viruses that cause these diseases are widely prevalent in commercial stock and the mesenchymal neoplasms that they cause affect relatively young birds. These infections and diseases can be enzootic and epizootic. Neoplasms of a non-infectious aetiology occur mostly in birds older than the usual lifespan of commercial birds. Such tumours are often of epithelial cell origin, with ovarian tumours being common in hens over two years of age. Even so, tumours of the magnum region of the oviduct, adenomas and adenocarcinomas, of non-infectious aetiology, can occur in commercial laying hens at the end of the first laying season. However, the non-infectious neoplasms are generally sporadic and not of great economic significance.
Three main classes of virus cause neoplasms in poultry, as follows: a) Marek's disease virus (MDV), a herpesvirus b) avian leukosis virus (ALV), a retrovirus c) reticuloendotheliosis virus (REV), also a retrovirus.
Another retrovirus, lymphoproliferative disease virus (4) , has caused significant losses from lymphomas in turkeys in the United Kingdom and Israel, but now appears to be rare, and is not considered further in this paper. Domestic chickens are the poultry species most commonly affected by neoplasms, which may be caused by MDV, ALV or REV. Turkeys and quail can suffer neoplasms caused by MDV and REV. Reticuloendotheliosis virus also causes neoplasms in geese and Muscovy ducks, and in game birds (pheasants and partridges). Ducks are not commonly affected by neoplasms, although hepatocellular carcinomas have been reported in the People's Republic of China, where mycotoxins in feed have been regarded as a likely aetiological factor, possibly with the involvement of duck hepatitis B virus, a member of the family Hepadnaviridae.
Economic importance
Neoplastic diseases, and the viruses that cause them, are important in poultry for several reasons. The presence of the vims or the neoplasm causes economic loss from mortality and depressed performance. For Marek's disease (MD), additional costs arise from the development, production and use of vaccines for disease control, and for avian leukosis, from the implementation of virus eradication programmes, particularly by primary breeding companies. The viruses are prevalent throughout the world, but new strains arise periodically in particular locations (especially strains of MDV but also of ALV). If these spread between countries, national disease control measures can be undermined.
Before the introduction of vaccination of commercial flocks in 1971, MD was a major global disease of chickens. Vaccination dramatically reduced losses, but the disease remains one of significant economic importance, particularly because of the periodic appearance of new strains of MDV against which existing vaccines provide suboptimal protection. This has required the continued development of new vaccines and vaccination strategies (7) . In 1984, the total world-wide economic loss caused by MD, including the cost of vaccination, was estimated at US$943 million (30) . The International Animal Health Code of the Office International des Epizooties (OIE) places MD on List B, comprised of those diseases which have socio-economic and/or public health importance within countries and which are significant to international trade of animals and animal products (24) .
Avian leukosis viruses are widespread but until recent years have not caused serious mortality nor been considered to be of major economic importance. Avian leukosis is placed on List C of the Food and Agriculture Organization Animal Health Yearbook 1995 (13) , designating diseases of socio-economic and/or public health importance at the local level. However, the world-wide spread of the newly emergent subgroup J strain of ALV (27, 43) and associated mortality during the 1990s has generated serious concern and warrants the inclusion of avian leukosis amongst diseases significant to international trade.
Infection by REV in commercial breeding flocks appears to be more prevalent than was once known. The infection is usually subclinical and without serious economic impact. Nevertheless, associated outbreaks of disease have been reported from some countries and the infection should be regarded as at least a potential threat, and one that is significant in international trade.
In addition to direct effects on poultry, ALV and REV are potential contaminants of live virus vaccines produced in chicken cells for veterinary or human use, requiring use of vaccine substrate cells from specific-pathogen-free (SPF) poultry. If present as contaminants in poultry vaccines, these viruses present a disease hazard to poultry. No direct evidence exists to suggest that avian tumour viruses in poultry or poultry products present a disease hazard to humans, but any such possibility receives consideration from regulatory bodies (19, 31) .
Avian tumour viruses in international trade
The importation of poultry and poultry products into a country poses a risk of introducing infections, and veterinary authorities of importing countries therefore lay down procedures for minimising this risk. Exporting countries have procedures for providing certification of the health status of exported materials. Details vary between countries and the specific requirements must be obtained from the countries concerned. Within the European Union, rules exist for movement of animals and animal products between member countries and into member countries from third countries. Exports to third countries are mostly subject to bilateral trade agreements. Recommended procedures for regulating animal health aspects of international trade are provided by the OIE in the International Animal Health Code (24) and the Manual of Standards for Diagnostic Jests and Vaccines (23) . The OIE is recognised by the World Trade Organization for the setting of international standards for animal health (40) .
Freedom from clinical disease and proper vaccination are sufficient to prevent the introduction of Marek's disease infection through hatching eggs or day-old chicks, since the disease is not vertically transmitted. In the case of ALV and REV, reliance on freedom from clinical disease in-imported birds or source flocks will not prevent introduction of infection, because of the occurrence of subclinical infection and vertical transmission. Veterinary Administrations of importing countries should therefore obtain from the exporting country more specific evidence of freedom from these infections if concerned about the introduction of ALV and REV (as discussed below in the sections entitled 'Avian leukosis' and 'Reticuloendotheliosis').
Marek's disease

Diseases
Marek's disease is a lymphoproliferative and neuropathic disease of domestic chickens, and less commonly, turkeys and quails, caused by a highly contagious, cell-associated, oncogenic herpesvirus (7) . As a disease occurring world-wide, with increasing reports of vaccination failures and emergence of more virulent pathotypes, MD poses a severe threat to the poultry industry. Developing strategies for the control of MD remains a significant challenge.
The pathogenesis of MD is complex. The infection is thought to be transmitted by the respiratory route from the inhalation of infected dust in poultry houses. Although the very early events in the disease are not yet clear, the pattern of events after infection with an oncogenic MDV in susceptible birds can be divided into the following stages:
a) early cytolytic infection b) latent infection c) late cytolytic infection with immunosuppression d) neoplastic transformation (6).
Marek's disease virus is a lymphotropic virus and targets lymphocytes, the principal cells of the immune system. B-lymphocytes, the cells of the antibody-forming arm of the immune system, are first targeted by the virus in a lytic infection. Following this, cytolytic infection occurs in the activated T-lymphocytes that are involved in cell-mediated immune responses. These early cytolytic events result in atrophic changes in the bursa of Fabricius and thymus, leading to severe debilitation of the immune system and marked immunosuppression. The cell-associated viraemia that develops during this period is believed to be the route by which the virus spreads throughout the body, including the feather follicle epithelium, the only site where a fully productive infection occurs which allows shedding of the virus into the environment. After the early cytolytic phase, the infection switches to a latent phase in the infected T cells, and the regressive changes in the lymphoid organs start resolving, largely restoring the architecture of these lymphoid organs. Following this, some of the latently infected T cells become targets for neoplastic transformation resulting in lymphomatous lesions in various visceral organs. Due to the complex nature of the pathogenesis with varying periods of latency, the incubation period of MD from the point of infection to the onset of clinical disease can vary from a few weeks to several months.
Generally, four different clinical forms of the disease are recognised in flocks infected with MDV, as follows: a) the classical or neural form, where a large proportion of the birds show signs of paresis or paralysis involving the legs, wings and sometimes the neck. These cases, also referred to as 'fowl paralysis' or 'range paralysis', are usually seen in birds of two to twelve months of age; b) the acute form, a more virulent form of the disease where lymphomatous lesions of various organs develop and high mortality occurs in the affected flocks. Birds as young as six weeks can be affected, with losses commonly occurring between three and six months. Involvement of the eyes and nerves as well as lymphomatous lesion of the skin is also evident in some cases. Visceral and skin lesions due to MD are important causes of carcass condemnation in slaughterhouses; c) transient paralysis, an uncommon condition in flocks infected with MDV, usually occurring between five and eighteen weeks of age. This is an encephalitic expression of infection characterised by sudden onset of paralytic symptoms that often only last for approximately 24 h to 48 h, although in some instances death can occur; d) acute mortality syndrome, a form of the disease observed more recently, where the affected birds die with an early acute cytolytic disease well before the onset of lymphomas. The affected birds show characteristic atrophy of the bursa of Fabricius and thymus. This form of the disease is thought to be due to infection with highly virulent pathotypes of the virus.
Aetiology
Virus structure and replication
The isolation of cell-associated herpesvirus from MD tumours in the late 1960s (8) was an important historical landmark which led to an improved understanding of the disease and development of effective vaccines. Due to the lymphotropic nature of the virus, MDV was originally classified as a gammaherpesvirus together with Epstein-Barr virus, and the oncogenic herpesviruses of non-human primates, herpesvirus saimirí and herpesvirus ateles. However, on the basis of the genomic organisation, MDV is currently classified together with alphaherpesviruses such as the herpes simplex vims (HSV) in the family Herpesviridae. The deoxyribonucleic acid (DNA) of MDV is a linear double-stranded molecule of approximately 170 kilobases, consisting of a unique long region (U L ) flanked by a set of inverted repeat (TR L and IR L ) regions and a unique short region (U S ) flanked by another set of inverted repeat regions (IR S and TR S ) (34) . Thus, the genomic structure of MDV from left to right can be described as TRL-UL-IRL-IRS-US-TRS and is similar to that of other alphaherpesviruses. The viral genomes in the infected cells are maintained either as circular episomes or as integrated forms. The viral genome has the capacity to encode at least seventy proteins, sixty of which have counterparts in HSV, including structural proteins, metabolic enzymes and transactivating proteins such as VP 16 and ICP4 (34) . However, at least ten MDV genes have no homologues in other herpesviruses. Similar to those of other herpesviruses, MDV genes also belong to three kinetic classes of immediate early, early and late genes, based on the requirements for viral protein synthesis and DNA replication. Compared to the extensive expression of genes, during the lytic infection, the transcription in latently infected and transformed cells has been largely restricted to the repeat regions of the MDV genome. Some of the important genes recognised within the repeat regions that could potentially be associated with transformation include the BamHI-H family transcripts, pp38, ICP4 sense and antisense ribonucleic acid (RNA) transcripts, and the meq gene.
The main types of interaction that occur between the virus and the cell in MDV infection include the following: a) a semiproductive infection similar to that which occurs in vivo in lymphoid organs and in vitro in cultured cells which results in the production of non-enveloped virions b) a fully productive infection which occurs in the feather follicle epithelium with production of infectious enveloped virions c) a non-productive infection which is commonly seen in tumours and lymphoblastoid cell lines where the viral genome is not expressed or is expressed to a limited extent only.
Marek's disease virus serotypes and pathotypes
The first isolation of MDV in 1967 was followed by the description of a number of isolates from different parts of the world. Subsequently, these isolates where divided into three distinct serotypes, as follows: a) serotype 1, which includes all the pathogenic or oncogenic strains of MDV in addition to the attenuated strains of these viruses b) serotype 2, which includes naturally non-pathogenic strains of MDV c) serotype 3, which includes the herpesvirus of turkeys (HVT), the non-oncogenic MDV-related virus, isolated from turkeys.
In addition to differences in biological properties, these serotypes can also be distinguished by serological methods using polyclonal and monoclonal antibodies, DNA and polypeptide analysis as well as by the polymerase chain reaction (PCR).
A large diversity exists within serotype 1 concerning the oncogenic potential, with strains varying from highly to mildly oncogenic. Recently, serotype 1 MDV strains have been further classified on the basis of the ability to induce MD lesions in vaccinated chickens. Strains are classified as mild (mMDV), virulent (vMDV), very virulent (vvMDV) and very virulent + (w+MDV) pathotypes (Table I ). The emergence of these pathotypes is thought to represent a continuous evolution of MDV towards greater virulence. Some of these pathotypes show an increased propensity to produce acute 
Epidemiology
Prevalence of infection and disease
Marek's disease virus infection mainly occurs in domestic chickens and is ubiquitous among poultry populations throughout the world. The infection in other species is rare, but occasionally the disease occurs in turkeys and quails. In commercial chicken houses, where the infection is rampant, virtually all birds become infected, commonly within the first few weeks of life, although on occasions infection may be delayed. Because of the prevalence of serotype 1 viruses of varying pathogenicity and of non-pathogenic serotype 2 in the poultry house environment, birds can be infected with more than one MDV strain. Evidence suggests that the frequency of isolation of non-pathogenic viruses becomes higher as the age of the birds increases. Natural infection by non-pathogenic strains of MDV can provide immunity to subsequent infecüon by a virulent strain.
Transmission of infection
The transmission of MDV occurs by direct or indirect contact, apparently by the airborne route. The epithelial cells in the keratinising layer of the feather follicle replicate fully infectious virus, and serve as a source of contamination of the environment. The shedding of the infected material occurs approximately two to four weeks after infection, prior to the appearance of the clinical disease, and can continue throughout the life of the bird. The virus associated with feather debris and dander found in dust in the contaminated poultry house can remain infectious for several months. Although the inhalation of infected dust from poultry houses remains the most common route of disease spread, other less common mechanisms of indirect transmission, such as those involving darkling beetles (Alphitobius diaperinus), could also play minor roles in transmission. However, no evidence exists to suggest that vertical transmission of MDV occurs through the egg.
Flock infection
Because of the ubiquitous nature of the infection and the ability to survive for long periods outside the host, flock infections usually occur early in the life of a bird. In addition, in most flocks, the hatched chicks usually have maternally-derived antibodies. This antibody disappears in most chickens by three to four weeks of age. The rate of the spread of MD within a flock can vary greatly and depends on, among several factors, the level of initial exposure and the concentration of susceptible birds. A number of stress factors, including those from handling, change of housing and vaccination, are thought to increase the disease incidence. The existence of genetic resistance to MD among chickens has long been recognised and the genetic constitution of the flock influences the outcome of MDV infection. The outcome of infection is also influenced by sex, as females are usually more susceptible to the development of tumours.
Diagnostic methods
Diagnostic procedures for avian tumour viruses include both pathological and virological methods. Pathological diagnosis identifies the nature of the tumour that is causing mortality, whereas virological diagnosis identifies viruses that are present in a bird or flock. As MDV, ALV and REV occur commonly, virological diagnosis does not necessarily establish the cause of the tumour. Nevertheless, histopathological identification of a tumour often determines the likely cause. However, in some cases, the presence of an infection in a flock may need to be established in the absence of tumour mortality.
Pathological diagnosis
The main gross and histopathological features of the neoplasms under review are summarised in Table II . In general, while gross appearance can provide indications of the nature of the neoplasm, histopathological diagnosis is essential for accurate diagnosis. Histopathological diagnosis requires tumour material from birds which have died very recently and from several cases from an affected flock; this material should be placed in fixative. For the diagnosis of MD, the most useful set of tissues to collect include the liver, spleen, bursa of Fabricius, thymus, heart, proventriculus, kidney, gonads, nerves, skin and other gross tumour tissues.
Although clinical signs associated with MD can occur in chickens from four weeks of age, signs are most frequently seen between twelve and twenty-four weeks of age, and sometimes later. Significant diagnostic features of the classical and acute forms of MD are described below.
Classical form
In the classical form of the disease, with mainly neural involvement, mortality rarely exceeds 10%-15%, occurring over a few weeks or many months. The most common clinical sign is partial or complete paralysis of the legs and wings. The characteristic pathological lesion is the enlargement of one or more of the peripheral nerves. The most commonly affected nerves that are easily seen on post-mortem examination are the brachial and sciatic plexus and nerve trunks, coeliac plexus, abdominal vagus and intercostal nerves. The affected nerves are grossly enlarged, and often two or three times the normal thickness. The normal cross-striated and glistening appearance of the nerves is lost, instead, the nerves have a greyish or yellowish appearance and are oedematous.
Lymphomas are sometimes present in this form of the disease, most frequently as small, soft grey tumours in the ovary, kidney, heart, liver and other tissues.
Acute form
In the acute form of the disease, where formation of lymphomas in the visceral organs usually occurs, the incidence of the disease is frequently between 10% and 30%, and in major outbreaks can reach 70%. Mortality can increase rapidly over a few weeks and then cease, or can continue at a steady or falling rate over several months. The typical lesion in this form of the disease is the widespread, diffuse lymphomatous involvement of visceral organs such as the liver, spleen, ovary, kidney, heart and proventriculus. Lymphomas are also occasionally seen in the skin around the feather follicles and in the skeletal muscles. Affected birds may also show involvement of the peripheral nerves similar to that seen in the classical form. The liver enlargement in younger 
Features common to the acute and classical forms
The peripheral nerves in both forms of the disease are affected by proliferative, inflammatory or minor infiltrative changes that are termed A-, B-and C-type lesions respectively. The A-type lesion consists of infiltration by proliferating lymphoblasts, large, medium and small lymphocytes, and macrophages, and appears to be neoplastic in nature. Nerves with B-type lesions show oedema and infiltration by small lymphocytes and plasma cells with Schwann cell proliferation; in this case the lesion appears to be inflammatory. The C-type lesion consists of mild scattering of small lymphocytes, often seen in birds that show no gross lesions or clinical signs; this is thought to be a regressive inflammatory lesion. Demyelination, which is frequently seen in nerves showing A-and B-type lesions is thought to be principally responsible for the paralytic symptoms.
Lymphomas seen in the visceral organs and other tissues are similar cytologically to the lymphoproliferations in the nerve A-type lesions. The lymphoid cells are usually of the mixed type, with a preponderance of small and medium lymphocytes. However, large lymphocytes and lymphoblasts may occasionally predominate, especially in adult birds. The polymorphic population of the lymphoid cells, as seen in impression smears or tissue sections of MD lymphomas, is an important feature in differentiating MD from lymphoid leukosis.
Virological diagnosis
Isolation of Marek's disease virus
Marek's disease virus infection in a flock can be detected by isolating the virus from the infected tissues. Materials, commonly used for the isolation of the virus are buffy coat cells from heparinised blood samples, or suspensions of lymphoma and spleen cells. As Marek's disease virus is highly cell-associated, the suspensions must contain viable cells. These cell suspensions are inoculated into monolayer cultures of chick kidney cells or duck embryo fibroblasts. Chicken embryo fibroblasts (CEF), although less sensitive for the primary isolation of serotype 1 MDV, can be used to isolate serotypes 2 and 3. Evidence of MDV replication in the culture can be seen as plaques which appear in three to four days. Less commonly, feather tips, from which cell-free MDV can be extracted, are also used for virus isolation.
Characterisation of Marek's disease virus serotypes
Serotypes of MDV isolated in culture can be differentiated fairly accurately on the basis of the time of appearance, rate of development and morphology of the plaques. Plaques of HVT usually appear earlier and are larger than serotype 1 plaques, whereas serotype 2 plaques appear later, and are smaller than the serotype 1 plaques. The serotype specificity of the plaques can also be confirmed by using specific antibodies in immunological tests. Recently, PCR tests have been developed which allow the differentiation of oncogenic strains of serotype 1 virus, and strains of serotypes 2 and 3 (3, 35) .
Detection of virus infection in tissues
The methods commonly employed for the detection of virus in tissues include immunofluorescence and immunohistochemical methods using polyclonal and monoclonal antibodies, in situ hybridisation using MDV-specific nucleic acid probes, PCR and electron microscopy.
Serological tests
The presence of antibodies to MDV in birds from approximately four weeks of age is an indication of infection. Antibodies detected in birds before this age are likely to represent maternally derived antibodies and are not considered evidence of active infection. Although no serological test has been prescribed for the detection of MDV-specific antibodies, the agar gel immunodiffusion (AGID) test is usually employed for this purpose. The antigen used in the test is either disrupted MDV-infected tissue culture cells, extract of the feather tips or skin containing feather tracts from infected chickens. The viruses, antigens and antisera are usually available from OIE Reference Laboratories for MD. A modification of the AGID test to detect MDV antigen in the feather tips by reactivity with MDV hyperimmune serum is also used. Other serological tests, such as the indirect immunofluorescence test, enzyme-linked immunosorbent assay (ELISA) and virus neutralisation (VN) have been described, but are used mostly for research purposes rather than for routine diagnosis.
Surveillance
Marek's disease is a ubiquitous virus infection occurring in commercial poultry operations world-wide. Because the virus is able to survive for long periods both in the host and in the environment of the poultry house, the disease is unlikely to be completely eradicated. Control of the disease therefore depends essentially on the use of successful vaccination strategies. The vaccine strains are non-pathogenic viruses that establish a permanent infection in the vaccinated birds. The vaccines are capable of preventing lymphoma formation and clinical disease, but do not prevent superinfection by pathogenic MDV strains. Hence, surveillance for MD should verify that the birds do not suffer from clinical disease and are properly vaccinated. To achieve this, various tests mentioned under the section on diagnosis can be applied. In addition, importing countries should require the exporter to provide international animal health certificates (24) to ensure that imported chickens and day-old chicks are free from clinical disease and are vaccinated against MD and that the hatching eggs originate from a vaccinated source and have been shipped in clean unused packages. As MDV is not vertically transmitted, these measures are sufficient to prevent introduction of infection through day-old chicks or hatching eggs. However, vaccination and freedom from clinical disease would not exclude the possibility of introduction of pathogenic MDV isolates when importing older birds.
Marek's disease virus could persist in the skin (in feather follicles) of imported carcasses and portions, and in feathers, but is unlikely to be present in poultry meat and eggs. Live poultry should not be exposed to such potentially infected materials. Heat treatment (cooking) will destroy MDV.
Public health implications
The identification of MDV and the widespread use of live vaccines against MD have raised some concerns that exposure to MDV from the environment or from consumption of poultry meat could be a cause of cancer in humans. However, a large body of evidence in both avian and human virology, serology, pathology and epidemiology strongly supports the conclusion that no aetiologic relationship exists between avian herpesviruses and human cancer (31) . Recently, there has been speculation that MDV infection might be associated with multiple sclerosis (MS), principally based on serological findings. However, in detailed studies using sensitive methods such as PCR, no MDV-related sequences could be detected in the DNA of patients with MS, ruling out the involvement of MDV (16).
Prevention and control methods
Vaccination
The development of vaccines for the control of MD was a significant landmark both in avian medicine and basic cancer research, as this was the first example of a neoplastic disease controlled by the use of a vaccine. Currently and at least for the foreseeable future, vaccination represents the principal strategy for the prevention and control of MD, although other approaches, such as increasing the genetic resistance of birds and improving hygiene and biosecurity, should form valuable adjuncts for control programmes.
Live virus vaccines, used since 1970, remain the basis of disease control programmes. These are usually administered to day-old chicks at hatching to provide protection against the natural challenge the chicks are exposed to early in life from the infected poultry house environment. With the introduction of in ovo immunisation methods, an increasing number of birds are vaccinated by this route. Marek's disease vaccines are highly effective, often achieving over 90% protection under commercial conditions. Vaccines available vary from country to country. In the United States of America (USA), strains of MDV belonging to all three serotypes have been licensed as vaccines (Table III) .
In many countries, HVT continues to be widely used as a monovalent product because it is inexpensive, available as cell-free and cell-associated forms, and effective when the field exposure is not severe. The HVT and SB-1 strains comprised the first commercial bivalent vaccine based on the protective synergism demonstrated between serotypes 2 and 3 viruses. The CV1988 strain Rispens vaccines and modified versions are Vaccinating alternate generations with different types of vaccines can reduce the effects of interfering passive antibodies. Early exposure to MDV can be significantly prevented by improved hygiene and biosecurity measures.
Despite the success achieved by vaccines in controlling MD, the continuous evolution of MDV strains towards greater virulence leading to the emergence of vv and vv+ pathotypes of MDV is threatening to pose problems in the future (45) . The development of more effective vaccines through recombinant DNA technology (33) , and the use of immunomodulatory approaches to enhance the response to vaccines should improve vaccination strategies in the future.
Selection for genetic resistance
Genetic resistance to MD is well documented, and susceptible and resistant lines can be developed by progeny testing, selection from survivors of MD challenge, or blood typing. Two distinct genetic loci that play a major role in controlling resistance have been identified. The best characterised association is the one between the chicken major histocompatibility complex (MHC) and resistance to MD, the most notable being the association with the B 21 allele. This association develops early in life and is accompanied by reduced numbers of infected T-cells. A second type of resistance associated with non-MHC genes is provided by the observation that RPL (Regional Poultry Laboratory) line 6 and 7 chickens, which are both homozygous for the same MHC allele, differ markedly in MD susceptibility. Mapping of genes associated with such resistance is in progress and evidence suggests that the NK region within chromosome 1 contains a resistance gene, which has been designated MDV1 (5) . As aditional tools for selection for genetic resistance become available, the opportunities for genetic selection against MD will be extended.
Hygiene measures
The use of vaccines should never be an excuse for poor management or lack of biosecurity measures. Removal of used litter and disinfection of buildings are important aspects of disease control, especially in view of the possibility of selection for pathogens with increased virulence. Furthermore, placing chicks in an environment heavily contaminated with virus, before solid immunity can be developed, can lead to vaccination breaks. Strict biosecurity is also necessary to prevent the introduction of new MDV strains onto a farm.
Avian leukosis
Diseases
The term leukosis' embraces several different leukaemia-like proliferative diseases of the haemopoietic system caused by ALV; the term leukosis is used because a leukaemic blood picture is not always present (10, 29) . The components of the haemopoietic system that may undergo neoplastic change include the lymphopoietic (lymphocytic) system, the erythropoietic (red cell) system, and the myelopoietic (myelocytic) system. Presenting signs of the leukoses are mostly non-specific (inappetence, weakness, emaciation, diarrhoea, pale wattles). The three forms of leukosis that arise are discussed below.
Lymphoid leukosis
Until recently, lymphoid leukosis has been the commonest form of leukosis. It occurs in chickens from approximately four months of age. Although most commonly caused by ALV of subgroups A and B (Table IV) , it should be noted that REV can induce a tumour that is indistinguishable grossly 
Erythroid leukosis
Erythroid leukosis (also termed erythroblastosis) is an uncommon, usually sporadic, tumour occurring principally in adult chickens, although occasionally observed in young birds (from five weeks old). The liver and spleen, and sometimes the kidneys, are moderately and diffusely enlarged and often of bright cherry-red colour. The bone marrow is bright red and liquid. Affected birds are often anaemic, with muscle haemorrhages and occasionally abdominal haemorrhage from a ruptured liver. The disease is an intravascular erythroblastic leukaemia. Microscopically, the liver shows intrasinusoidal accumulations of rather uniform, round, erythroblasts, the spleen shows accumulations of erythroblasts in the red pulp, and the bone marrow shows enlarged haemopoietic sinusoids filled with erythroblasts. An erythroblastic leukaemia is visible.
Myeloid leukosis
Myeloid leukosis occurs in two, often overlapping forms termed myeloblastic myeloid leukosis (myeloblastosis) and myelocytic myeloid leukosis (myelocytomatosis). The disease has become particularly prevalent in broiler breeders and, less frequently, in broilers in many countries since 1996, and is caused by the recently recognised subgroup J ALV (27, 43) .
Before the advent of subgroup J ALV, myeloblastic myeloid leukosis was predominantly a sporadic disease of adult chickens. In this classic form, the liver and spleen are greatly enlarged and the liver frequently has a yellowish-grey granular ('Morocco leather') appearance. The bone marrow is firm and reddish-grey in colour. Microscopically, the liver shows intravascular, sinusoidal accumulations of immature myeloid Before the appearance of subgroup J ALV, myelocytic myeloid leukosis occurred principally in young chickens. In this form, yellowish-white myelocytomas are present on the skeleton (head, ribs, vertebrae and inner sternum). Microscopically, the tumour is comprised of well-differentiated myelocytes with conspicuous cytoplasmic granules.
Myeloid leukosis caused by subgroup J ALV shows features of both the myeloblastic and myelocytic forms described above. The disease occurs primarily in adult broiler breeders, and occasionally in young breeders and broilers. Myelocytomas are present on the inner sternum, vertebrae, ribs, inner mandible, trachea and sometimes the eye. In addition, the liver, spleen, ovary and other organs are often enlarged by tumorous infiltration. Microscopically, the tumour cells are usually well-differentiated myelocytes, although tumours of more immature myeloid cells occur, sometimes in the same bird. The tumour is both extravascular and intravascular (leukaemia).
Other tumours
A variety of solid tumours can be caused by ALV, including fibrosarcoma, chondroma, haemangioma, histiocytic sarcoma, mesothelioma, myxoma, nephroblastoma, osteoma, and the proliferative bone disorder, osteopetrosis, characterised by thickening of the long bones. These tumours can occur alone or accompanying the leukoses. Subgroup J ALV in particular causes a variety of such tumours in addition to myeloid leukosis, and also mixed myeloid and erythroid leukosis.
Aetiology
Virus structure and replication
Avian leukosis viruses are placed in the Alpharetrovirus genus of the viral family Retroviridae (26, 29) . In common with other members of this RNA virus family, ALVs are characterised by possession of the enzyme reverse transcriptase. This enzyme is necessary for the formation of a DNA provirus, which is integrated into the host genome during viral replication. Structurally, ALVs are simple viruses. From the 5' end to the 3' end of the genome, they possess three structural genes, gag/pro-pol-env, which encode, respectively, the proteins of the virion group-specific (gs) antigens and protease, the enzyme reverse transcriptase, and the envelope glycoproteins. These structural genes are flanked by genomic sequences concerned with the regulation of viral replication, which in the DNA provirus form the viral long terminal repeats (LTRs) which carry promoter and enhancer sequences. Some laboratory strains and field isolates of ALV also possess one (or rarely two) viral oncogene(s) inserted at some site within the genome. Such viruses have acquired the oncogene by transduction of a cellular oncogene during oncogenesis. These viruses are usually genetically defective, with deletions within the genome, and require the presence of 'helper viruses' (co-infecting non-defective ALVs) to enable replication.
Avian leukosis virus envelope subgroups
Avian leukosis viruses that occur in chickens can be classified into six subgroups (A, B, C, D, E and J), on the basis of differences in the viral envelopes which affect antigenicity, as determined by induction of virus neutralising antibodies, host range, and ability to interfere with infection by other ALVs of the same or differing subgroups (Table IV) . The F, G, H and I subgroups of ALV are allocated to endogenous viruses found in ring-necked and golden pheasants, Hungarian partridge and Gambei's quail, respectively. Of the six ALV subgroups found in chickens, subgroup A is common, and subgroup B less common, both occur particularly in egg-type strains. Subgroups C and D are rare, subgroup E represents common infectious ev-type endogenous ALVs widely present in normal chickens, and the subgroup J is common in meat-type chickens. Viruses of subgroups A, B, C, D and j are oncogenic, causing mainly lymphoid leukosis (subgroups A and B) or myeloid leukosis (subgroup J). Subgroup E viruses are not oncogenic. Viruses within a subgroup usually cross-neutralise to varying extents, although antigenic variants of subgroup J ALV exist which do not cross-neutralise. A partial cross-neutralisation occurs between subgroup B and D viruses, but otherwise viruses in the different subgroups do not cross-neutralise.
Mechanisms of neoplastic transformation
Avian leukosis viruses induce neoplasms by one of two main types of mechanism, as follows: a) viruses that do not carry a viral oncogene induce neoplasms by activation of a cellular proto-oncogene. This is possible when the virus becomes fortuitously integrated adjacent to a cellular proto-oncogene during viral replication. Thus, lymphoid leukosis is initiated by activation of the c-myc oncogene by the LTR promoter, a mechanism termed 'promoter insertion' or 'insertional mutagenesis'. 
Avian leukosis virus pathotypes
Strains of ALV often produce more than one type of neoplasm, although for each strain one particular neoplasm usually predominates. Strain of chicken, age at infection and dose of virus will influence the incidence and types of neoplasms induced.
Exogenous and endogenous avian leukosis viruses
Avian leukosis viruses which are transmitted from bird to bird, either vertically (through the egg) or horizontally (by contact) as infectious virions, are termed 'exogenous' ALVs (Table V) . All oncogenic ALVs fall into this category. However, some ALVs are integrated into the genome of normal birds as proviral sequences that are transmitted genetically as Mendelian genes, either as complete viral genomes able to code for infectious virus of subgroup E, or more usually, as incomplete (defective) genomes able to code for certain retroviral products (e.g. gs-antigen) only. These ALVs are termed 'endogenous' ALVs (Table V) . The sites of integration of these endogenous viruses are termed 'ev loci'. Endogenous ALVs are apparently non-oncogenic although they may influence the response of the bird to infection by exogenous ALVs by inducing immunological tolerance or immunity. The ev21 locus linked to the sex-linked slow-feathering gene K, codes for an infectious subgroup E ALV, named EV21, which can cause immune tolerance to infection by exogenous ALV. Apart from the family of ev endogenous viruses closely related to exogenous ALV, other more distantly related endogenous families have been discovered in the normal genome, namely: EAV (endogenous avian virus), ART-CH (avian retrotransposon from chicken genome) and CR 1 (chicken repeat 1). The EAV family is of particular interest, since members designated EAV-HP (or ev/J) appear to be the source of the envelope gene of subgroup JALV.
Epidemiology
Prevalence of infection and disease
Exogenous ALVs are almost ubiquitous in commercial chickens on a world-wide basis, although many primary egg-type and meat-type breeding companies institute ALV In addition to losses from tumours, the presence of exogenous ALV infection can have an adverse effect on egg production, egg size, fertility, hatchability, growth rate and non-specific mortality (14) .
Transmission of infection
Two modes of natural transmission of exogenous ALV occur, namely: vertical and horizontal.
Vertical (congenital or egg) transmission
In vertical transmission, ALV is passed from infected hens to their offspring. Although only a small minority of chicks are usually infected in this way, the route is important in transmitting the infection from one generation to the next, and in providing a source of contact infection to other chicks. Avian leukosis virus present in the magnum of the oviduct of the hen passes into the egg albumen and thence into the chick embryo during incubation. This route of congenital infection leads to strong associations between the presence of virus in vaginal swabs, egg albumen and embryos, which provide the basis for ALV eradication programmes in breeding stock, as discussed later. Infected males do not pass the infection to their progeny, even though semen may contain virus. However, males can infect hens venereally.
Horizontal transmission
In horizontal transmission, ALV spreads from bird to bird by direct contact, or indirectly by exposure to virus in the environment. This mode is responsible for the high incidence of infection in flocks. Sources of virus from infected birds include faeces, saliva and desquamated skin. The period of survival of ALV outside the body is relatively short (a few hours), and consequently ALV is not highly contagious. Congenitally infected chicks are an important source of contact infection in the hatchery and during the brooding period; meconium and faeces from congenitally infected chicks contain high concentrations of ALV. Routes of infection are oculonasal, oral, respiratory and skin.
Flock infection
The infective status of chickens in an ALV-infected flock can be categorised according to whether the chickens have cell-free viraemia (V+ or V-), serum antibodies (A+ or A-), and whether the chickens shed ALV to their cloaca or, for laying hens, egg albumen (S+ or S-). This information is important in ALV eradication programmes, and these categories allow several classes of birds to be identified, as described below.
Tolerant viraemic, antibody-negative, shedders (V+A-S+l
These birds arise primarily as a result of vertical (congenital) infection from the dam, and they in turn produce V+A-S+ progeny. This class of birds is likely to constitute a minority of a flock. The birds have large amounts of virus, and consequently gs-antigen, in the cloacal or vaginal swabs, and for hens in the egg albumen, embryos and chick meconium. This class of bird may also arise following contact infection by ALV at a very young age (newly hatched chicks), as observed notably in meat-type chicks exposed to subgroup J ALV. Birds classed V+A-S+ are most prone to develop neoplasms.
Non-viraemic, antibody-positive, non-shedders (V-A+S-) and shedders (V-A+S+)
Birds that acquire infection by contact after hatching are most likely to develop an immune infection. This class of birds is likely to constitute the majority of a flock. The birds are usually non-shedders which do not produce infected progeny, but some may be shedders and intermittently produce infected chicks. These birds are less likely than viraemic birds to develop neoplasms. Birds in the V-A+S-category are believed to harbour ALV somewhere in their tissues.
Non-viraemic, antibody-negative, non-shedders (V-A-S-)
Birds of this class are either not yet infected or genetically resistant to infection.
Viraemic, antibody-positive birds (V+A+)
A small class of birds with both viraemia and antibodies may be found. These are considered to be birds that are seroconverting from a transient viraemic state to an immune (V-A+) state. They may or may not be shedders.
Spread of infection
Birds from infected flocks, and products, such as eggs and meat, could spread infection to other flocks and locations. Because ALV is vertically transmitted, infection may spread internationally in hatching eggs and day-old chicks, and spread in semen is possible. Importers need to guard against the introduction of ALV by requiring health certificates from the exporter relating to the specific disease and infection status of source flocks. Introduction of a new ALV into susceptible poultry populations could have serious consequences because of absence of immunity and of effective control measures in breeding and production populations other than at the primary breeding level.
Diagnostic methods
Similar to MD, diagnostic procedures for avian leukosis include both pathological and virological methods.
Pathological diagnosis
The main gross and histopathological features of the neoplasms under review are summarised in Table II. Although the gross appearance of the tumour can provide indications of the nature of a neoplasm, histopathological diagnosis is essential for accurate diagnosis of leukosis. For this, tumour material must be collected from birds which have died very recently and from several cases from an affected flock; this material must be placed in fixative. The most useful tissues to collect are liver, spleen, bursa of Fabricius, bone marrow, peripheral nerves and other grossly tumorous tissues.
The significant diagnostic features of the various leukoses are described below.
Lymphoid leukosis
This occurs in birds from approximately four months of age. A useful diagnostic feature (although not always present) is gross nodular tumorous involvement of the bursa of Fabricius. Lymphoid leukosis is usually caused by ALV, but sometimes by REV. Microscopically, diagnostic features are the uniform large lymphocytes (lymphoblasts) that comprise the tumours, the presence of intrafollicular tumours in the bursa, and the tendency for the tumours in other tissues, such as the liver and spleen, to grow in an expansive nodular fashion. The tumour cells are B-cells, and with specialised immunocytochemical techniques, B-cell markers and IgM can be detected in the tumour cells. The tumour is extravascular and leukaemia is rare.
Erythroid leukosis
This can occur in young birds, from approximately five weeks, and in adults. A smooth-appearing moderate enlargement of the liver and spleen, of cherry-red colour, occurs; haemorrhage from liver rupture may be present. Microscopically, the tumour is one of fairly uniform, round, erythroblasts. The tumour is intravascular, with accumulations of erythroblasts in the liver sinusoids and in the red pulp of the spleen. In the marrow, the erythropoietic sinuses are filled with erythroblasts.
Myeloid leukosis
This occurs mainly in adult birds but sometimes in birds as young as five weeks. In the myeloblastosis form, enlarged liver, spleen and other organs can appear grossly similar to changes in lymphoid leukosis. In the myelocytomatosis form, these organs are often enlarged, but the frequent presence of cream-coloured myelocytomas on the skeleton, particularly on the inner aspect of the sternum, and sometimes on the skull, appear pathognomonic, and currently suggestive of infection by subgroup J ALV. Myelocytomas can also be seen in the oral cavity, trachea and eye. The myeloblastic form is comprised of immature myelocytes with few cytoplasmic granules. In the liver, tumour cells are present both extravascularly, around veins and arteries, and intravascularly, in the sinusoids. In the myelocytic form, tumour cells vary from well-differentiated myelocytes with conspicuous eosinophilic granules, to poorly differentiated myelocytes with few or no granules. The different forms sometimes occur in different areas within a bird, and in different birds in an affected flock. Areas of undifferentiated tumorous myelomonocytic stem cells can also occur. Both myeloblastic and myelocytic forms are often marked by leukaemia, and bone marrow becomes replaced by neoplastic myeloid cells.
Virological diagnosis
In the following sections, the principles of the diagnostic methods are outlined. Details of performing the tests are available in technical manuals (12, 38) . Many of the methods used are technically demanding and need specialised laboratory facilities.
isolation of avian leukosis virus
Avian leukosis virus may be isolated from materials from individual birds as a means of detecting the presence of the infection in the bird or flock. Materials commonly used for isolation include serum, buffy coat cells and tumour tissue, and for certain purposes, cloacal or vaginal swabs, egg albumen, embryos and meconium. Virus isolation is generally the ideal detection method (the so-called 'gold standard') since the technique can detect all ALVs and is the starting point for various other virus studies.
Material (normally cell-free) to be tested for exogenous ALV is inoculated into SPF C/E (susceptible to all ALV chicken subgroups except E) CEFs growing in tissue culture plates or wells of microtitre plates, and the cultures are incubated for seven days. Supernatants are collected and stored at -70°C as virus isolates, and the CEFs are sonicated and tested for the presence of ALV p27 gs-antigen in an antigen ELISA test (available commercially). The C/E CEFs used for this assay will support growth of ALVs of the known exogenous subgroups A, B, C, D and J, but exclude subgroup E ALV of endogenous origin. The C/E CEFs derived from line 0 chickens (available commercially) are preferred since these do not possess gs-antigen of endogenous origin, thus allowing a clear distinction to be made between ALV-positive and ALV-negative test results.
If necessary, ALV of endogenous origin (subgroup E) can be identified by inoculating test material on cultures of C/E CEF and quail embryo fibroblasts of phenotype Q/BJ. Subgroup E ALV will grow in the Q/BJ cultures but be excluded from the C/E cultures.
Most avian leukosis viruses isolated from the field are slowly transforming viruses which lack a viral oncogene and induce neoplasms by promoter insertion activation of a cellular proto-oncogene, as discussed earlier. Occasionally, such ALVs may recombine genetically with a cellular oncogene to produce an acutely transforming ALV, which possesses a viral oncogene. Acutely transforming viruses may require particular types of target cells, such as haemopoietic cells, for the oncogenic potential of the virus to be revealed. For example, acutely transforming subgroup J ALV occurs in the field in some myelocytomas. These can be identified by inoculating cell-free tumour extracts into monolayer cultures of chicken bone marrow cells or blood monocytes that within a few days undergo neoplastic transformation (28) .
Characterisation of avian leukosis virus subgroups
Characterisation of ALV isolates into envelope subgroups may be performed using several methods, as follows:
a) Viral interference assays, which test the ability of an isolate to interfere with (prevent) focus formation in C/E CEF cultures by Rous sarcoma virus (RSV) of known subgroup.
b) Virus neutralisation assays, in which an isolate is placed in a subgroup according to susceptibility to neutralisation by chicken antisera with known subgroup neutralising activity. The isolate, or the RSV pseudotype, is exposed to antiserum and then examined for growth, or focus formation, respectively, in C/E CEF cultures. An RSV pseudotype is an acutely transforming RSV which can be created by coating a replication defective RSV with the viral envelope of an ALV, and hence endowing the virus with the subgroup characteristics of the ALV, in this case of the isolate. Fluorescent antibody staining of infected cultures using antisera against different subgroups is also used. These methods are usually satisfactory, although in the case of subgroup J isolates, in which env gene mutations and consequent antigenic changes are frequent, subgroup J antisera may fail to neutralise new variants. However, mouse monoclonal antibodies have been developed which appear in fluorescent antibody tests to detect a wider range of subgroup J isolates.
c) Host range assays, in which an isolate, or the RSV pseudotype, is placed in a subgroup according to ability to grow in, or transform, respectively, CEFs of varying ALV subgroup susceptibility phenotypes. For example, a subgroup Ä ALV would be identified if the virus grew in C/E CEFs but did not grow in C/AE CEFs (resistant to subgroups A and E). This method relies on the availability of CEF phenotypes that exclude certain ALV subgroups. Naturally occurring CEFs that exclude subgroup J have never been detected, although workers in the USA have developed a C/J CEF line by J env gene transfection (17) .
d) Polymerase chain reaction assays specific for various ALV subgroups have been developed (15, 36, 37) . These tests are sensitive, rapid, and may be used to detect ALV proviral sequences in tumour material or cultured CEFs. By use of a reverse transcription step (RT-PCR), the tests can detect viral RNA (e.g. infectious virus). However, a problem with PCR methods is that the primer pairs used may not detect all variant viruses, necessitating continuing redesign of primers.
Characterisation of avian leukosis virus pathotypes
The oncogenic spectrum of an ALV strain may be determined by inoculation of the ALV either intravenously into eleven-day-old chick embryos or intravenously or intra-abdominally into one-day-old chicks. Inoculation into embryos provides the most sensitive expression of oncogenic potential. After hatching, inoculated chickens may need to be kept for nine months to alow for tumour expression. The chickens used need to be SPF, susceptible to infection by the envelope subgroup of the ALV being studied and also susceptible to induction of particular neoplasms. Suitable chicken strains are available in research, laboratories which specialise in avian tumour viruses.
Detection of avian leukosis virus pZ7 group-specific-antigen
Awiam leukosis viruses of all subgroups share a common p27 Similar difficulties arise if the p27 ELISA is used in attempts to identify chicks or older birds infected with exogenous ALV, by testing meconium or serum, since gs-antigen of endogenous origin may be detected. Similarly, other tests are required to discriminate between exogenous or endogenous ALV.
Detection of avian leukosis virus antibodies
Detection of antibodies against ALV is used in flock surveillance to detect presence or absence of infection by exogenous ALV, and to identify particular classes of birds in epidemiological studies and ALV eradication programmes. Virus neutralisation and antibody ELISA tests are used, as follows:
a) Virus neutralisation tests. Antibody is detected by ability to neutralise infectivity of ALVs of known subgroup, or of the RSV pseudotypes. Although virus and antibody within subgroups usually cross-neutralise, antibodies against variant viruses may fail to neutralise a representative subgroup virus. This has been observed particularly with subgroup J, due to virus mutation, as discussed earlier, and is a limitation to the use of VN tests. These tests are slow (requiring seven to ten days) and are technically demanding.
b) Antibody ELISA tests. Viral antigens may be used in ELISA tests to detect subgroup-specific ALV antibodies. Tests for antibodies to subgroups A, B and J are commercially available. The subgroup J antibody ELISAs use env antigen produced in a baculovirus system and appear to detect antibodies to all variant viruses studied. The antibody ELISA tests are rapid (requiring one day), specific, and suitable for large scale testing.
Surveillance
In 
Recommended procedures
Primary breeding companies of layer-type and meat-type stock have made significant progress in eliminating ALV of subgroups A, B and J in the elite breeding lines. These companies should therefore increasingly be able to provide breeding stock free from these infections. Importing customers should request information about the ALV status of flocks, hatching eggs and chicks. In addition, importing countries may carry out checks on imported materials if deemed necessary.
The recommended surveillance procedures for imported stock are described below.
Hatching eggs
Fifty albumen samples, collected with separate needles through the eggshell should be tested by the gs-antigen ELISA. Positive samples should be tested by RT-PCR using primers designed to detect exogenous ALV. Primers specific for each exogenous subgroup (specifically, A, B and J) should be used to identify the subgroup.
Day-old chicks
Fifty meconium samples (or cloacal swabs), should be tested by gs-antigen ELISA. Positive samples should then be tested by RT-PCR as for albumen samples above. Serum samples can be tested for antibodies to ALV of subgroups A, B, and J using antibody ELISA kits (commercially available). The presence of antibody would indicate presence of infection in the dam parent flock and therefore the possibility of vertically transmitted ALV in the chicks.
Chickens in rear
The chickens should be reared in quarantine and tested for evidence of ALV infection. At four weeks, fifty serum samples should be tested for ALV viraemia, and at eight weeks, fifty serum samples should be tested by ALV antibody ELISA for subgroups A, B and J.
Semen
If semen is imported, it should be tested for exogenous ALV.
Other products
Avian leukosis virus could persist in imported poultry carcasses, meat, eggs and feathers; live poultry should therefore not be exposed to such materials. Heat treatment (cooking) will destroy ALV.
Specific-pathogen-free flocks and vaccine production
Exogenous ALVs constitute the most common vertically transmitted pathogens. It is therefore essential that SPF chicken flocks developed for the production of embryos, and avian substrate cells used for production of veterinary (including avian) and human vaccines, are free from infection by exogenous ALV and other avian pathogens (22, 41) . Vaccine seed virus, substrate cells, and final vaccine should also be tested for freedom from exogenous ALVs, including viruses of subgroups A, B and J, and other infectious agents.
Live virus vaccines produced in avian cell substrates that are not derived from SPF flocks are highly likely to be contaminated with exogenous ALV, and outbreaks of neoplasia in poultry flocks have been caused by use of contaminated poultry vaccines.
Public health implications
No firm evidence exists to suggest that ALVs present a health risk to humans, although the possibility of this has not been definitely excluded (19) . Certain strains of RSV, particularly of subgroup D, are known to infect and transform mammalian cells in vitro, including human cells, and can induce sarcomas and other tumours in mammals in vivo, including primates. However, despite exposure of humans to ALV from live poultry, poultry meat and eggs, no conclusive epidemiological or other evidence has been adduced of any risk of cancer. In addition, exposure of humans to exogenous ALV present at one time (although not currently) as a contaminant of live vaccines such as yellow fever and measles was not associated with a recognised hazard. Antibodies to ALV have been detected in poultry workers and others but these may result from antigenic exposure rather than ALV replication in humans (20) . The potential for ALV replication in mammalian cells is believed to be slight.
Recently, the origin of low levels of reverse transcriptase activity found in live human vaccines (measles, mumps and yellow fever) grown in SPF avian cells has been investigated (32, 42, 44) . These studies revealed the presence of RNA of endogenous ALV and EAV retrovirus origin in the vaccines, but no evidence of infectious virus or of ALV or EAV sequences in vaccine recipients. The use of these vaccines was therefore considered not to be harmful.
Prevention and control methods
No specific treatments or vaccines are available for control of the leukoses. The current approach is the eradication of exogenous ALV from elite egg-type and meat-type breeding stock by primary breeding companies, to produce infection-free commercial grandparent or parent breeding progeny, together with hygiene measures aimed at preventing reinfection or limiting spread of infection if commercial flocks subsequently do become infected. Breeding companies are making good progress in eradicating ALV from elite lines. Less is known about the infective status of multiplication and commercial generations and this is likely to vary depending on the efforts made by individual breeders and producers. Avian leukosis virus of subgroups A and B can be present in egg-type or meat-type stock, usually without causing serious losses from leukosis. In the case of subgroup J ALV, infection present in meat-type stock is much more likely to be accompanied by significant leukosis mortality.
Prior to the institution of ALV eradication programmes by breeding companies, which began in layers in the early 1980s and in meat-type stock in the early 1990s, genetic selection was employed by some companies to breed strains with improved liveability and reduced susceptibility to leukosis.
These approaches are still used but have become less important since the advent of ALV eradication.
The principles and procedures of these control methods are discussed in the following sections. In situations where some lines are infected with ALV and others not, the more serious consequences occur when the female parent line is infected, rather than the male parent line, since vertical transmission of ALV to the next generation occurs from the female line and not from the male line.
Eradication of exogenous avian leukosis virus
Primary breeding companies could not feasibly perform on multiplication flocks the same exhaustive testing programme applied to elite flocks because of the scale that would be required. However, primary breeding companies are likely to continue to apply some of the testing procedures (for example gs-antigen testing of cloacal swabs at approximately twenty weeks, with eradication of reactors, and also surveillance tests) to great-grandparent multiplication stock to minimise any residual infection levels, and to apply surveillance tests to monitor progress.
Selection for genetic resistance
Two principal types of genetic resistance to leukosis have been recognised, namely: genetic resistance to ALV infection and genetic resistance to development of leukotic tumours (9, 25) . Although examples of the latter type of resistance have been observed, for example resistance to lymphoid and myeloid leukosis, little is known about the mechanisms involved or the mode of genetic inheritance. As a consequence, this type of resistance has not specifically been exploited by poultry breeders. In contrast, much more is known about the occurrence and control of genetic resistance to infection, and poultry breeders have used this to develop resistant stock.
Resistance to infection depends on the lack of specific ALV receptors on the cell membrane, which interact with viral envelope glycoprotein and allow infection to occur. The presence or absence of these receptors is under simple genetic control. Three autosomal loci, tva, tvb and tvc independently control susceptibility to infection by ALV of subgroups A, B and D, and C, respectively, with dominant susceptibility genes encoding the presence of virus receptors and recessive resistance genes encoding the absence of these receptors. The genes for susceptibility to the three subgroups are a s , b5 and c 5 , and the resistance genes, a r , br and c r , respectively. The tvb receptor has also been reported to control infection by exogenous subgroup E ALV. Genetic resistance in chickens to infection by subgroup J ALV has not been recognised, all chicken strains being susceptible. In recent years, progress has been made in understanding the nature of the receptors (47) . The receptor for subgroup A ALV is related to the low-density lipoprotein receptor and that for subgroups B and D is a member of the tumour necrosis factor family. Thus, ALVs appear to have taken advantage of receptors for other molecules to gain entrance to the cell. , and all resistant (ar ar). Thus, on the basis of these phenotype segregation patterns, the unknown genotype can be determined and dams of the desired genotype, for example a r a r , can be selected for breeding. Progeny are phenotyped for susceptibility or resistance by inoculating a standard dose (100 pock-forming units) of RSV of the appropriate subgroup, e.g. A, onto the chorioallantoic membrane of eleven-day-old embryos, then counting the number of tumour pocks that develop after a further eight days of incubation.
Vaccination
No vaccines are available against ALV infection. Relatively little research has been performed on vaccine development because vaccination is unlikely to be effective against a vertically transmitted virus which induces immunological tolerance. However, the propensity of subgroup J ALV to induce tolerant rather than immune infections following early contact infection has stimulated interest in developing vaccines against subgroup J ALV to protect chicks against early exposure.
Hygiene measures
Good hygiene and biosecurity are very important adjuncts to disease control, particularly for leukosis for which no vaccines exist and where commercial flocks free from infection are at risk from re-infection. Good general farm management procedures include isolation of premises, all-in/all-out management, cleaning and disinfection of premises between crops, use of new litter, safe disposal of old litter, and site security. Hatchery hygiene is of equal importance. Adoption of the recommended procedures will help to prevent the introduction of ALV (and other infections) and limit contact spread to other stock. The efficacy of these procedures is helped by the fact that ALV is a fragile virus outside the bird, with a half-life of only a few hours at room temperature, and is susceptible to all common disinfectants. Sources of detailed information about hygiene measures in poultry management should be consulted (48) .
Reticuloendotheliosis
Diseases
Reticuloendotheliosis virus causes a number of disease syndromes in poultry and game birds (2, 46) , and subclinical infections are not uncommon.
Runting disease syndrome
Non-defective REV can induce in chickens and ducks a variety of non-neoplastic lesions that are collectively designated as the runting disease syndrome. The lesions include runting, bursal and thymic atrophy, enlarged peripheral nerves, abnormal feather development, proventriculitis, enteritis, anaemia, and liver and spleen necrosis. Cellular and humoral immunosuppression also occurs. The abnormal feathering, in which the barbules of wing feathers are adhered to the feather shaft, -is termed 'nakanuke' in Japanese, and has been observed in chicken flocks vaccinated with REV-contaminated vaccines. The peripheral nerve lesions occasionally reported are histologically similar to those induced by MDV.
Chronic lymphoid neoplasms
Non-defective REV can induce two types of lymphoid neoplasms in chickens. Bursal lymphomas may occur after a long latent period involving the bursa and other organs that are indistinguishable from lymphoid leukosis induced by ALV. The tumour is of B-cell origin, arising in the bursa, and is caused similarly by REV proviral insertional activation of the cellular myc oncogene. Non-bursal lymphomas of T-cell origin have also been induced experimentally. These have latent periods as short as six weeks, and involve the thymus, liver, heart and spleen.
Chronic lymphomas also occur following natural REV infection in ducks, geese, pheasants, quail and turkeys. Whether these lymphomas originate from B-or T-cells has not been determined. Histologically, the lymphomas appear more similar to T-cell tumours.
Acute reticulum cell neoplasia (reticuloendotheliosis)
The genetically defective T strain of REV carries the v-rel oncogene, probably derived from the cellular oncogene, c-rel, and requires a non-defective REV as a helper virus for replication. The T strain was originally isolated from a turkey with leukotic lesions. The T strain REV is highly oncogenic, inducing a widespread proliferation of primitive mesenchymal or reticuloendothelial cells and death within one to three weeks when injected into young chicks. More than one type of cell is probably targeted, including both immature B-and T-cells. The disease induced by T strain REV is experimental and a naturally occurring counterpart has not been recognised.
Aetiology
Reticuloendotheliosis virus belongs to a genus of the family Retroviridae. Non-defective REV has gag, pol and env genes, but is more closely related to mammalian retroviruses than to ALV. No serological relationship exists with ALV. Reticuloendotheliosis virus isolates fall into a single serotype, with three antigenic subtypes. As mentioned above, the T strain carries a viral oncogene, v-rel. Reticuloendotheliosis virus strains are exogenous viruses and endogenous counterparts are not recognised.
Epidemiology
Prevalence of infection and disease
Little is known about the epidemiology of REV infection in naturally infected chicken or turkey flocks. Infection has been reported in Australia, Israel, Japan and the USA. In the USA, REV infection is detected in a significant proportion of commercial layer, broiler, and turkey flocks, usually with no disease or deleterious effect on production. However, lymphomatous disease is occasionally observed in turkeys, chickens and other species, and hence REV infection is potentially dangerous.
Transmission of infection
Reticuloendotheliosis virus is' transmitted both horizontally by contact with infected chickens and turkeys, and vertically from tolerantly infected chicken and turkey dams. Vertical transmission can also occur from infected male chickens and turkeys. No evidence exists to suggest genetic transmission. Reticuloendotheliosis virus can be detected in faeces and cloacal swabs. The REV gs-antigen, and sometimes infectious virus, can be detected in albumen of eggs from tolerantly infected hens. Evidence suggests that mosquitoes can transmit REV.
Spread of infection
As with ALV, birds from infected flocks, and the products of these birds, such as eggs and meat, could spread infection to other flocks and locations. Reticuloendotheliosis virus could be spread nationally and internationally in hatching eggs, day-old chicks and semen. The safeguards required are therefore similar to those for ALV.
Diagnostic methods
Pathological diagnosis
Pathological diagnosis of REV-induced lymphomas and other lesions presents difficulties. In chickens, REV can induce a lymphoma indistinguishable grossly and microscopically from lymphoid leukosis. Similarly, nerve lesions would be difficult to distinguish from MD neuropathy. Non-B lymphomas in chickens have not been recognised as occurring naturally. In turkeys, REV-induced lymphomas are likely to resemble Marek's disease lymphomas. In this situation, virological diagnosis will contribute to the diagnosis. Infections with REV in chicken flocks do not usually seem to result in significant tumour mortality. However, in investigating any tumour mortality problems in chickens and turkeys, testing for evidence of REV, in addition to ALV and MDV, would be prudent. If REV infection is found to be present, this cause of tumours must be considered. When lymphomas are found in ducks, geese, pheasants and quail, REV is a likely cause.
The diverse and varied signs of the runting disease syndrome can be seen in other infectious diseases. Tests for REV infection in affected flocks should be performed. The abnormal feathering, nakanuke, occasionally observed in REV infection, appears to be pathognomonic, but requires virological confirmation.
Virological diagnosis
Only the principles of the diagnostic methods used are outlined here. Details of performing the tests are available in technical manuals (12) .
Isolation and characterisation of reticuloendotheliosis virus
Source materials are as for ALV. Reticuloendotheliosis virus strains may be grown in duck and chick embryo fibroblasts, and several other avian fibroblast cultures and cell lines. Resistant avian cell phenotypes are not recognised. Presence of viral growth in cell cultures may be recognised by cytopathic foci with some REV strains, and by staining by fluorescent antibodies of cell foci under agar overlays. An REV gs-antigen ELISA may also be used to detect virus growth, and PCR assays have been developed. Envelope subgroups do not occur, but three minor subtypes have been recognised by VN tests and reaction with monoclonal antibodies.
Detection of reticuloendotheliosis virus p30 group-specific-antigen
As with ALV, an antigen ELISA specific for the p30 gs-antigen has been described. This is considered suitable for use on test materials such as egg albumen in REV epidemiological studies, as for ALV.
Detection of reticuloendotheliosis virus antibodies
Virus neutralisation tests, agar gel precipitin tests, and antibody ELISA tests (which are commercially available) may be used for flock surveillance and for identifying classes of infected birds.
Surveillance
Recommended surveillance procedures are similar to those for ALV. Companies providing hatching eggs or chicks can be asked for information about the REV infection status of flocks and if desired, checks can be conducted on imported poultry. Recommended procedures and tests are described below.
Hatching eggs
Fifty albumen samples should be tested by the REV gs-antigen ELISA (not available commercially). Positive samples should then be tested by RT-PCR using REV-specific primers.
Day-old chicks
Testing of meconium samples or cloacal swabs may be possible using the REV gs-antigen ELISA. Serum samples can be tested for REV antibodies by the REV antibody ELISA (commercially available). This would indicate infection in the dam parent flock and therefore the possibility of vertically transmitted REV in the chicks.
Chickens in rear
The chickens should be reared in quarantine. Fifty serum samples should be tested for REV at four weeks, and for REV antibodies at eight weeks by antibody ELISA.
Semen
Imported semen should be tested for REV.
Other products
Reticuloendotheliosis virus could persist in imported poultry carcasses, meat, eggs and feathers, and live poultry should not be exposed to such materials. Heat treatment (cooking) will destroy REV.
Specific-pathogen-free flocks and vaccine production
As for ALV, SPF flocks, vaccine seed virus, substrate cells, and final vaccine, must be free from REV. Polymerase chain reaction assays are of value for such screening (1, 39) . In the past, use of MD vaccines and fowl pox vaccines contaminated by REV has led to serious clinical disease problems in vaccinated flocks (11, 18) .
Public health implications
No direct evidence associates REV with a human health hazard. However, this question has received attention especially because of the relationship of REV to mammalian retroviruses and because REV is known to infect and replicate in cultured mammalian cells. Recent studies on the infectivity of REV for cultured human cells have provided evidence that REV vector virus can infect, and plasmid REV DNA can transfect, cultured human cells, with integration and low-level replication (21) . Antibodies to REV have been detected in sera from poultry workers and control subjects, but whether these resulted from infection, antigen exposure, or cross-reaction with other antigens, is not known (20) . Although no strong evidence exists of disease risk to humans, such a possibility needs further consideration.
Prevention and control methods
Because the nature of REV infections in chickens and turkeys is usually sporadic and subclinical, control procedures have generally not been considered necessary commercially. However, freedom from infection in breeding flocks that produce progeny for export is likely to be required by importing countries. Eradication of REV could probably be achieved by prevention of vertical transmission, by detecting shedding dams and sires for REV gs-antigen by ELISA, and rearing progeny in isolation, using methods similar to those for control of ALV infections. Successful eradication using this approach has been reported in Israel. No vaccines are used against REV infection and no genetic resistance to infection has been recognised. 
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Enfermedades neoplásicas: enfermedad de Marek, leucosis aviary reticuloendoteliosis aviar
L.N. Payne & K. Venugopal
Resumen
Las enfermedades aviares neoplásicas importantes desde un punto de vista comercial son la enfermedad de Marek, provocada por un herpesvirus, y las leucosis y reticuloendoteiiosis aviares, causadas por retrovirus. Estas enfermedades son responsables de pérdidas económicas debidas tanto a la mortalidad de animales como a su menor rendimiento. Dado que el virus de la enfermedad de Marek y los virus de la leucosis aviar son prevalentes en todo el mundo, las nuevas cepas que surgen en una zona concreta pueden propagarse a través de las fronteras, debilitando así los dispositivos nacionales de lucha contra la enfermedad. El virus de la reticuloendoteiiosis está presente también en numerosos países. El virus de la enfermedad de Marek se transmite sólo horizontalmente, de modo que la adopción de medidas de higiene adecuadas permite prevenir su difusión internacional a través de huevos para incubación o de polluelos de un día. Las leucosis y la reticuloendoteiiosis, en cambio, se transmiten tanto horizontal como verticalmente (a través del huevo), lo que complica las medidas necesarias para prevenir su propagación internacional. La enfermedad de Marek se controla por vacunación, mientras que la lucha contra la leucosis aviar exige programas de erradicación del virus, principalmente en el eslabón inicial de la cadena, esto es, las instalaciones de cria. Similares medidas de control pueden aplicarse en caso necesario a la reticuloendoteliosis. No hay ninguna prueba fidedigna que permita suponer que estos virus tumorales aviares constituyen un peligro para la salud pública.
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